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ABSTRACT
Infrared radial velocities have been used to derive the Ðrst well-determined orbital elements for the
cool giants of three symbiotic systems, BF Cyg, V1329 Cyg, and V343 Ser\AS 289. Periods found for
BF Cyg and V1329 Cyg from the radial velocity data are in good agreement with periods previously
determined for their light variations, and the orbits are circular. Masses for the components of BF Cyg
and V1329 Cyg were determined by combining our orbital elements for the cool giants with elements for
their hot stars. BF Cyg and V1329 Cyg are shown to be detached binary systems. The third system,
V343 Ser, has an orbital period of 450.5 days, a value that is typical for symbiotic binaries. However, the
system is atypical because of its somewhat eccentric orbit, with e \ 0.135 and the possibility that it is a
semidetached system. An orbital inclination of 18¡ is estimated, indicating that V343 Ser does not
eclipse.
Key words : infrared radiation È binaries : symbiotic È
stars : individual (BF Cygni, V1329 Cygni, V343 Serpentis) È stars : late-type
1.

INTRODUCTION

velocities determined from infrared spectra to compute Ðrst
orbits for the late-type giants of three S-type symbiotics, BF
Cygni, V1329 Cygni, and V343 Ser \ AS 289. The overall
properties of these symbiotic systems are given in Table 1.
For each binary we denote the M giant component, which
is the more massive star, as A and the hot companion as B.

This is the third in a series of papers on the orbits of
symbiotic stars determined from infrared spectra. The motivation for this work, as well as a brief review of symbiotic
stars, was presented in Fekel et al. (2000b, hereafter Paper
I). Visual and ultraviolet spectroscopy over the last two
decades have provided indisputable proof that symbiotic
stars are mass transfer binary systems containing a cool
giant and a hot star (Kenyon & Webbink 1984 ; Garcia
1986 ; Murset et al. 1991). While the hot component is typically a white dwarf, in a small fraction of cases it may be a
main-sequence star.
Orbital elements are an important starting point for
understanding symbiotic systems. However, as discussed in
Paper I, the elements are not easily determined because of
the complexity of the blue spectra and the long periods and
low velocity amplitudes of most systems. Of the nearly 200
symbiotic systems listed in the recent catalog of Belczynski
et al. (2000), only 20 systems, i.e., D10%, have had orbital
elements determined for the cool giant component.
Paper I presented orbital elements for six S-type symbiotics (Webster & Allen 1975 ; Kenyon 1988) with low
mass transfer that have orbital periods spanning the known
period range. Fekel et al. (2000a, hereafter Paper II) computed orbital elements for Ðve additional S-type systems,
each of which has an orbital period of about 2 yr. Those 11
systems all have earlier published orbits, and our infrared
velocities of those binaries were combined with previously
measured optical velocities to determine improved orbits
for the cool giants. In the present paper we have used radial

2.

OBSERVATIONS AND REDUCTIONS

Most of our spectroscopic observations of the three
program stars were obtained with the coude feed telescope
and spectrograph system at the Kitt Peak National Observatory (KPNO). The detector was an infrared camera,
NICMASS, developed at the University of Massachusetts.
We obtained a 2 pixel resolving power of 44,000 at a wavelength of 1.623 km. A more extensive description of the
experimental setup may be found in Joyce et al. (1998), as
well as in Paper I.
Additional observations were obtained with the Phoenix
cryogenic echelle spectrograph at the f/15 Cassegrain focus
of either the KPNO 2.1 or 4 m telescope. A complete
description of the spectrograph can be found in Hinkle et al.
(1998). Typically the widest slit was used, giving a resolution
D50,000, but a few of the observations have a resolution
D70,000. The Phoenix observations were centered at either
1.563 km or 2.226 km. An expanded discussion of the
experimental setup has been given in Paper I. Representative 1.563 km spectra of the program stars are shown in
Figure 1.
Standard observing and reduction techniques were used
(Joyce 1992). Wavelength calibration posed a challenge
because the spectral coverage was far too small to include a
sufficient number of ThAr emission lines for a dispersion
solution. Our approach was to utilize absorption lines in a
K III star to obtain a dispersion solution. Several sets of
lines were tried, including CO, Fe I, and Ti I. These groups
all gave consistent results.

ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ
1 Visiting Astronomer, Kitt Peak National Observatory, National
Optical Astronomy Observatories, operated by the Association for
Research in Astronomy (AURA), Inc., under cooperative agreement with
the National Science Foundation (NSF).
2 Operated by AURA, under cooperative agreement with the NSF.
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TABLE 1
BASIC PROPERTIES OF PROGRAM STARS

Name

Ka
(mag)

H[Ka
(mag)

BF Cyg . . . . . . . . . . . . . . . . . .
V1329 Cyg . . . . . . . . . . . . . .
V343 Ser\AS 289 . . . . . .

6.23
6.87
5.10

0.31
0.40
0.47

Primary
Spectral Typeb
M5 III
M6
M3.5 III

Orbital Period
(days)
757c
956e
450c

M c
A
(M )
_
2.2
2.2
...

M c
B
(M )
_
0.6
0.8
...

M0 d
(M yr~1)
_
4.6 ] 10~7
8.9 ] 10~7
1.9 ] 10~7

a Kenyon 1988.
b Temperature classes : Murset & Schmid 1999 ; luminosity classes : Kenyon & Fernandez-Castro 1987.
c This paper.
d Seaquist, Krogulec, & Taylor 1993.
e Schild & Schmid 1997.

Radial velocities of the program stars were determined
with the IRAF cross-correlation program FXCOR
(Fitzpatrick 1993). The velocities are referenced to observations of the M giant IAU velocity standards, d Oph or a
Cet, which were obtained many times during the course of
each night. The radial velocities of the standard stars were
adopted from the work of Scarfe, Batten, & Fletcher (1990).
Several di†erent computer programs, used to determine
the orbital elements of the various systems, are mentioned
in the individual orbital elements sections. Preliminary elements were determined with BISP, a computer program
that uses a slightly modiÐed version of the Wilsing-Russell
method (Wolfe, Horak, & Storer 1967). A di†erential corrections program, called SB1, of Barker, Evans, & Laing
(1967) has been used to compute eccentric orbits of singlelined systems. For each system the orbital eccentricity is
small enough that a circular-orbit solution may be appropriate. Such orbits were computed with SB1C (D. Barlow
1998, private communication), which also uses di†erential
corrections to determine the orbital elements. As recom-

FIG. 1.ÈRepresentative spectra of the three program stars and the
velocity standard d Oph (M0.5 III) obtained with the cryogenic Phoenix
spectrograph. Each spectrum is o†set by 1.0 in relative intensity. Tick
marks indicate several moderate-strength iron features.

mended by Batten, Fletcher, & MacCarthy (1989), for circular orbits we have deÐned T as a time of maximum velocity.
0
3.

BF CYGNI

3.1. History
BF Cyg has been known as a variable star since the early
1900s (DÏEsterre 1915), and Merrill & Burwell (1933) initially listed it as a peculiar Be star. However, a detailed
examination of the star did not occur until the early 1940s.
JacchiaÏs (1941) analysis of a 50 year time series of Harvard
photographic plates resulted in a mean period of 754 days
for the light variations of BF Cyg. Jacchia (1941) also noted
that DÏEsterreÏs (1915) description of BF Cyg, as being red
in color when it was faint, did not match the Be star spectrum. This conÑict was resolved when Merrill (1943) found
that BF Cyg has a combination spectrum similar to wellknown symbiotics such as Z And, AX Per, and CI Cyg.
More recent values of 757.3 days (Pucinskas 1970) and
756.8 days (Miko¡ajewska 1987) are similar to the original
period determination.
Ultraviolet observations led Kenyon & Webbink (1984)
to suggest that the hot component of the binary is a
compact star. Kenyon & Fernandez-Castro (1987) classiÐed
the spectrum of the cool component as M5 III. Murset &
Schmid (1999) also determined that BF Cyg has an M5
temperature class. Infrared photometry by Kenyon (1988)
supports the giant luminosity classiÐcation.
Using
optical
and
ultraviolet
spectroscopy,
Miko¡ajewska, Kenyon, & Miko¡ajewski (1989) presented a
model of the system. They found, however, that for BF Cyg
the Paschen continuum dominates the absorption features
of the red giant component even at wavelengths near 5200
A , making it impossible for them to determine a reliable
orbit for the M giant. They did note that radial velocity
measurements of some emission lines indicate that spectroscopic conjunctions and photometric minima roughly coincide, implying that the system eclipses, although there are
signiÐcant periods of time when the apparent eclipses are
absent (see also Jacchia 1941). Miko¡jewska (1987) suggested that the light curve indicates grazing eclipses, an idea
further discussed by Skopal (1998).
Gonzalez-Riestra, Cassatella, & Fernandez-Castro (1990)
examined ultraviolet spectroscopic observations obtained
over a 10 year interval and measured emission-line radial
velocities from seven high-dispersion ultraviolet spectra.
Skopal et al. (1997) used the mean emission-line velocities to
determine a circular orbit for the hot component. They also
proposed a model of the system with components that are
signiÐcantly more luminous than those suggested by
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Miko¡ajewska et al. (1989). Arguing that the system eclipses,
Skopal et al. (1997) estimated an orbital inclination of 70¡È
80¡.
3.2. Orbital Elements
From 1995 March to 2000 April we collected 20 radial
velocities of BF Cyg A (Table 2), which cover 2.4 orbital
cycles. We adopted the 756.8 day period of Miko¡ajewska
(1987) and used the program BISP to determine preliminary elements. With the period as a free parameter these
elements then were revised with SB1. The spectroscopically
determined period of that orbit, 757.6 ^ 4.0 days, is essentially identical to recent photometric determinations. Since
the orbital eccentricity is 0.035 ^ 0.037, we used SB1C to
determine a circular-orbit solution. The tests of Lucy &
Sweeney (1971) indicated that the zero-eccentricity solution
is to be preferred, and so it is given in Table 3. The standard
error of an individual velocity is 0.4 km s~1. Because the
orbit is circular, the time of periastron passage is undeÐned.
Thus, T , a time of maximum velocity, is listed instead.
0
Orbital phases
for the observations and velocity residuals to
the Ðnal solution are given in Table 2. In Figure 2 the
velocities and computed velocity curve are compared, and
zero phase is a time of maximum velocity.
Following Skopal et al. (1997), we have determined an
orbit for the hot star, component B, using the emission
velocities measured by Gonzalez-Riestra et al. (1990) from
TABLE 2
RADIAL VELOCITIES OF BF CYG A
HJD
(2,400,000 ])

Phase

Velocity
(km s~1)

O[C
(km s~1)

Weight

49,801.966 . . . . . .
49,876.769 . . . . . .
49,923.818 . . . . . .
49,924.703 . . . . . .
49,997.707 . . . . . .
50,000.711 . . . . . .
50,254.856 . . . . . .
50,319.838 . . . . . .
50,385.662 . . . . . .
50,567.944 . . . . . .
50,628.876 . . . . . .
50,750.673 . . . . . .
50,932.926 . . . . . .
50,983.858 . . . . . .
51,051.822 . . . . . .
51,106.688 . . . . . .
51,362.920 . . . . . .
51,438.797 . . . . . .
51,480.716 . . . . . .
51,650.020 . . . . . .

0.646
0.745
0.807
0.808
0.905
0.908
0.244
0.330
0.417
0.658
0.738
0.899
0.140
0.207
0.297
0.369
0.707
0.808
0.863
0.087

[8.6
[4.6
[0.9
[1.4
1.8
2.5
[3.8
[7.4
[9.3
[7.5
[3.5
2.3
1.1
[2.5
[5.9
[7.4
[4.9
[1.8
[0.1
1.7

[0.8
[0.6
0.5
[0.1
0.0
0.6
[0.3
[0.4
0.3
[0.1
0.7
0.6
0.5
[0.6
[0.2
0.9
0.6
[0.4
[0.7
[0.3

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

FIG. 2.ÈComputed radial velocity curve of BF Cyg compared with our
infrared velocities. Zero phase is a time of maximum velocity.

seven high-resolution ultraviolet spectra. The velocities
(Table 4) are the average velocities, called v by GonzalezRiestra et al. (1990), of four emission linesintexcept for JD
2,447,019. For that date we have excluded from the average
the very uncertain velocity for the O III] line at 1663 A .
Adopting the period from our circular-orbit solution of
component A, an orbit for B was determined with SB1C.
The resulting elements are listed in Table 5. While they are
similar to those computed by Skopal et al. (1997), the semiamplitude is 6% smaller.
3.3. Discussion
From several lines of argument Miko¡ajewska et al.
(1989) concluded that BF Cyg contains a fairly normal M
giant that does not come close to Ðlling its Roche lobe. This
led them to estimate a distance to the system of about 2000
TABLE 4
UV EMISSION-LINE RADIAL VELOCITIES OF BF CYG B
HJD
(2,400,000 ])

Phase

Velocity
(km s~1)

O[C
(km s~1)

Weight

44,687.0 . . . . . .
46,643.0 . . . . . .
47,019.0 . . . . . .
47,117.0 . . . . . .
47,239.0 . . . . . .
47,302.0 . . . . . .
47,609.0 . . . . . .

0.361
0.944
0.441
0.570
0.731
0.814
0.220

[20.2
27.5
[20.0
[16.8
6.3
1.0
12.7

[6.8
2.5
0.5
3.1
7.0
[10.7
5.9

1.0
1.0
1.0
1.0
1.0
1.0
1.0

TABLE 3

TABLE 5

ORBITAL ELEMENTS OF BF CYG A

ORBITAL ELEMENTS OF BF CYG B

Parameter

Value

Parameter

Value

P (days) . . . . . . . . .
T (HJD) . . . . . . . .
0
c (km s~1) . . . . . . .
K (km s~1) . . . . . .
e..................
a sin i (km) . . . . . .
f (m) (M ) . . . . . . .
_

757.2 ^ 3.9
2,451,584.4 ^ 5.6
[3.75 ^ 0.14
6.72 ^ 0.24
0.0
70.0 ^ 2.6 ] 106
0.0239 ^ 0.0026

P (days) . . . . . . . . .
T (HJD) . . . . . . . .
0
c (km s~1) . . . . . . .
K (km s~1) . . . . . .
e..................
a sin i (km) . . . . . .
f (m) (M ) . . . . . . .
_

757.2 (Ðxed)
2,451,228.6 ^ 22.9
2.2 ^ 3.2
24.3 ^ 4.9
0.0 (Ðxed)
253.5 ^ 50.6 ] 106
1.13 ^ 0.68
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pc. Using the available radial velocities, they found a preliminary mass ratio, q, of 1.7 ^ 0.6, which resulted in masses
of D1.0 and D0.6 M , for A and B, respectively. They also
_
estimated that the radius of the M giant Ðlls about 50% of
its Roche lobe. A very di†erent set of fundamental properties for BF Cyg was proposed by Skopal et al. (1997). From
a computation of the observed Ñuxes of the components,
constraints from the various contact times of a particular
eclipse, and the size of the cool starÏs Roche lobe, Skopal et
al. (1997) found radii of D260 and D25 R for A and B,
_
respectively, and q º 6. Their value of q, their new orbit for
B, which was determined from ultraviolet emission-line
radial velocities, and an assumed inclination of 70¡È80¡,
resulted in masses of D2 and D0.3È0.4 M for the cool and
_
hot components, respectively. They also derived a distance
of 4600È5400 pc, which produced luminosities of 4100È5700
L for A and 5700È8000 L for B. The values of the two
_
_
sets of parameters are listed in Table 6.
Based on the work of Zahn (1977), Schmutz et al. (1994)
and Murset et al. (2000) have argued that in most S-type
symbiotics the giant star is synchronously rotating. They
then derived the radius of the giant in various symbiotic
binaries. Using the same assumption, we examined the parameters of BF Cyg that have been proposed by
Miko¡ajewska et al. (1989) and Skopal et al. (1997). With an
orbital and hence rotational period of 757.2 days, the radius
of the M giant estimated by Miko¡jewska et al. (1989)
results in a rotational velocity of 5 km s~1, while the
minimum radius of Skopal et al. (1997) predicts a rotational
velocity of 16 km s~1.
For a number of S-type symbiotics on our observing
program, as well as several late-type giants with known
v sin i values, we measured the broadening of a few atomic
features at 2.2 km. With the latter set of stars we produced
an empirical calibration similar to that of Fekel (1997).
Using the calibration and an adopted macroturbulence of 3
km s~1, we determined a v sin i value of 4.5 ^ 2 km s~1 for
BF Cyg A. Assuming the orbital and rotational axes are
aligned, an inclination of 75¡ results in a rotational velocity
of 4.7 km s~1 and a radius of 70 ^ 32 R . The derived
rotational velocity is in excellent agreement_with that estimated from the radius of Miko¡jewska et al. (1989) but
much smaller than the value from the radius of Skopal et al.
(1997). Our radius supports the spectral classiÐcation and
infrared photometry results discussed by Miko¡ajewska et
al. (1989) and indicates that BF Cyg A is a giant rather than
a bright giant or supergiant.
The reality of the orbit for B, the hot component, can be
examined to some extent by comparing (1) the center-ofTABLE 6
MODELS OF BF CYGNI

Parameter

Miko¡ajewska et al. 1989

Skopal et al. 1997

This
Paper

M (M ) . . . . .
A
_
M (M ) . . . . . .
B
_
M /M \ q . . .
A B
R (R ) . . . . . . .
A _
R (R ) . . . . . . .
B _
L (L ) . . . . . . .
A _
L (L ) . . . . . . .
B _
d (pc) . . . . . . . . . .

D1.0
0.5È0.6
1.7
D75
D0.5
D500
1000
D2000

D2.0
D0.3È0.4
º6
240È280
22È27
4100È5700
5700È8000
4600È5400

2.2
0.6
3.6
70
...
...
...
...
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mass velocities of the orbits of B and A, which should be the
same, and (2) the times of maximum velocity, which should
di†er by 1 an orbital period. We Ðnd that the center-of-mass
2
velocity of the orbit for B is 6 km s~1 more positive than
that for A. Given that the center-of-mass velocity of B has
an uncertainty of over 3 km s~1, this is a 2 p di†erence. We
also note that this di†erence is smaller than the 12 km s~1
di†erence between the center-of-mass velocity of A and that
of the He I emission lines. Those emission features, according to Miko¡ajewska et al. (1989), arise in a small highdensity region around the hot component. The times of
maximum velocity are within 23 days of di†ering by 1
2
period. These comparisons suggest that the computed orbit
may be a reasonable approximation to the true orbit of B.
The semiamplitudes of the two components produce a
mass ratio of 3.62, which falls between the two previous
estimates (Table 6). This results in minimum masses (i.e., for
an inclination of 90¡) of 1.8 ^ 0.6 and 0.5 ^ 0.1 M for
_
components A and B, respectively. An adopted inclination
of 75¡ (Skopal et al. 1997) produces masses of 2.2 M for the
_
M giant and 0.6 M for the hot star.
_
The e†ective radius of the Roche lobe depends on the
mass ratio and separation of the components. Using
equation (2) of Eggleton (1983), we Ðnd an e†ective Roche
lobe radius of 236 R for the A component. Our radius of
_ of this value, and thus, the M giant
70 R for A is only 30%
_
is far from Ðlling its Roche lobe. This result is in accord with
the general conclusion of Murset & Schmid (1999), who
found only one symbiotic binary out of a sample of 30 that
was not well detached.
For the light minima of BF Cyg there are several nearly
identical ephemerides, including that of Pucinskas (1970),
Min \ JD 2,415,065 ] 757.3E ,
and that of Miko¡ajewska (1987),
Min \ JD 2,415,058 ] 756.8E .
From our orbital elements the ephemeris for conjunctions
with the M III in front, which corresponds to times of mideclipse, is
T \ HJD (2,451,395.2 ^ 5.6) ] (757.2 ^ 3.9)E .
conj
It predicts a minimum at HJD 2,415,049.6, which is in excellent agreement with the epochs of the above light minima
ephemerides that are 48 cycles earlier.
4.

V1329 Cygni\HBV 475

4.1. History
From an objective-prism plate Kohoutek (1969) discovered a star with very strong Ha emission, which was
listed as Hamburg-Bergdorf Variable 475 and eventually
assigned the variable star name V1329 Cyg. He noted that
there were some similarities to V1016 Cyg and that both
stars could be members of the same class of objects. Stienon,
Chartrand, & Shao (1974) presented the results of photographic and spectroscopic analyses. They determined
photographic magnitudes from plates in the Harvard collection, as well as about three dozen more recent magnitudes from two other sources. The data showed that by the
mid-1960s the star had increased in brightness by over 3
mag and was in an outburst phase. An analysis of the photographic observations revealed light variations with a
period of 959 ^ 2 days. In addition, Stienon et al. (1974)
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concluded that the sharply deÐned minima are probably the
result of eclipses. Their examination of several objectiveprism spectra indicated that V1329 Cyg has spectroscopic
characteristics in common with symbiotic stars.
Grygar et al. (1979) suggested that V1329 Cyg is a binary,
but analysis of their emission-line velocities resulted in an
extremely large mass function of 23 M . Additional reÐne_
ments of this orbit for the hot component based on visual
lines can be found in Iijima, Mammano, & Margoni (1981)
and Chochol & Vittone (1986). However, from several lines
of argument Baratta & Viotti (1990) concluded that those
emission-line velocities do not represent the orbit of the hot
companion. From IUE spectra Nussbaumer, Schmutz, &
Vogel (1986) examined ultraviolet emission-line Ñux variations and wavelength shifts from which they determined a
period of 964 days. They argued that V1329 Cyg is a binary
consisting of a cool mass-losing star and a hot companion
in an elliptical orbit.
Schild & Schmid (1997) obtained spectropolarmetric
observations and reanalyzed the light curves of V1329 Cyg.
Their adopted period for the light minima, which includes
both pre- and postoutburst determinations, is 956.5 days,
essentially identical with the result given in Stienon et al.
(1974). From their analysis of spectropolarimetry Schild &
Schmid (1997) found an orbital inclination of 86¡ ^ 2¡, conÐrming that V1329 Cyg is an eclipsing system.
Recently, Ikeda & Tamura (2000) presented a new orbit
for the hot component, based on 10 years of optical observations. From their orbital elements, they computed a mass
function of 1.2 M . This value is much smaller than pre_ and is consistent with those found for
vious determinations
the cool components in several other symbiotic systems.
4.2. Orbital Elements
Our 14 radial velocities of V1329 Cyg A (Table 7) were
obtained from 1997 October to 2000 October. An analysis
of those data resulted in a period of 947 ^ 21 days.
Although we have covered only slightly more than a single
orbital cycle, this value is in excellent agreement with the
average period of the light minima. Adopting the mean
period of 956.5 days from Schild & Schmid (1997), we computed preliminary orbital elements with BISP, which were
reÐned with SB1. Because the eccentricity of the latter orbit
is 0.017 ^ 0.039, we computed a circular orbit with SB1C.

2223

TABLE 8
ORBITAL ELEMENTS OF V1329 CYG A
Parameter

Value

P (days) . . . . . . . . .
T (HJD) . . . . . . . .
0
c (km s~1) . . . . . . .
K (km s~1) . . . . . .
e..................
a sin i (km) . . . . . .
f (m) (M ) . . . . . . .
_

956.5 (Ðxed)
2,451,804.1 ^ 5.5
[23.06 ^ 0.19
7.85 ^ 0.26
0.0
103.3 ^ 3.4 ] 106
0.0481 ^ 0.0047

Following the precepts of Lucy & Sweeney (1971), the
circular-orbit solution is clearly to be preferred, and so the
elements of this Ðnal solution are given in Table 8. The
standard error of an individual velocity is 0.7 km s~1.
Because the orbit is circular, a time of maximum velocity,
T , is listed. Orbital phases of the observations and velocity
0
residuals
to the circular-orbit solution are listed in Table 7.
In Figure 3 our velocities are compared with the computed
velocity curve. Zero phase is a time of maximum velocity.
4.3. Discussion
From velocities measured for various emission lines, possible orbits for the hot star, component B, have been determined. Grygar et al. (1979) estimated an orbit with a
center-of-mass velocity of [37 km s~1 and eccentricity of
0.17. The extremely large semiamplitude of the orbit
resulted in a mass function of 23 M . Baratta & Viotti
(1990), however, concluded that the _emission-line radial
velocity curve of Grygar et al. (1979) does not represent the
orbit of B. Recently, Ikeda & Tamura (2000) presented a
very di†erent orbit for B. They argued that only certain
portions of the emission-line proÐles of Ha, the 4686 A He II
feature, and the [O III] j5007 line represent true orbital
motion. With nearly three dozen velocities they determined
a circular orbit and obtained a center-of-mass velocity of
[25.2 km s~1 and a mass function of 1.2 ^ 0.3 M . They
concluded that the components of V1329 Cyg have_typical

TABLE 7
RADIAL VELOCITIES OF V1329 CYG A
HJD
(2,400,000 ])

Phase

Velocity
(km s~1)

O[C
(km s~1)

Weight

50,752.761 . . . . . .
50,934.954 . . . . . .
50,983.938 . . . . . .
51,052.857 . . . . . .
51,135.704 . . . . . .
51,347.821 . . . . . .
51,362.958 . . . . . .
51,474.752 . . . . . .
51,477.686 . . . . . .
51,650.997 . . . . . .
51,676.957 . . . . . .
51,737.903 . . . . . .
51,832.750 . . . . . .
51,833.671 . . . . . .

0.901
0.091
0.143
0.215
0.301
0.523
0.539
0.656
0.659
0.840
0.867
0.931
0.030
0.031

[17.3
[17.4
[17.9
[21.1
[25.7
[31.0
[30.0
[27.9
[27.8
[18.3
[16.7
[16.8
[14.6
[15.3

[0.6
[0.9
0.2
0.2
[0.2
[0.2
0.7
[0.5
[0.5
0.6
1.1
[0.9
0.7
0.1

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

FIG. 3.ÈSame as Fig. 2, but for V1329 Cyg
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symbiotic star masses of 0.65 and 2.1 M for components B
_
and A, respectively.
The center-of-mass velocity for the orbit of Ikeda &
Tamura (2000) di†ers from that of our absorption-line
velocity curve by only 2 km s~1. This seemingly supports
the view that the velocities used by Ikeda & Tamura (2000)
represent orbital motion of B. However, the scatter of the
individual velocities is large. Indeed, at several phases the
emission velocities of the various features span a range of 30
km s~1 or more. Thus, whether the velocities really represent orbital motion is questionable at best. Nevertheless,
if the semiamplitude of the orbit for B is combined with that
of A, it results in a mass ratio of 2.93. The minimum masses
plus the inclination of Schild & Schmid (1997) produced
masses of 2.2 M for the M giant and 0.75 M for the hot
_
_
component.
With the same procedure that we used for BF Cyg A, we
determined for V1329 Cyg A a v sin i value of 7 ^ 2 km s~1.
Following Schmutz et al. (1994), if we assume synchronous
rotation and assume that the rotational and orbital axes are
aligned, the radius of the M giant is 132 ^ 40 R . Using
equation (2) of Eggleton (1983), we computed an_e†ective
Roche lobe radius of 277 R for A. Our radius of 132 R is
_ like the vast majority of sym_
only 48% of this value. Thus,
biotics investigated by Murset & Schmid (1999), BF Cyg is
a well-detached binary.
From their examination of pre- and postoutburst light
curves, Schild & Schmid (1997) determined the following
ephemeris for minimum light,
\ 2,444,890.0 ] 956.5E .
min
With the period of Schild & Schmid (1997) adopted, our
orbital elements predict that inferior conjunction of the M
giant should occur 21 days before their epoch, which is
seven cycles earlier than ours. Our spectroscopic ephemeris
is
JD

T \ HJD (2,451,565.0 ^ 5.5) ] 956.5E .
conj
5.

ican Association of Variable Star Observers, and photoelectric measurements, such as those of Munari et al. (1992),
who found V \ 13.62 mag, are very few in number. Fortunately, between 1994 and 1998 Takamizawa, Wakuda, &
Kato (1998) made photographic observations that showed
that in 1995 V343 Ser increased in brightness by nearly 3
mag. Takamizawa et al. (1998) suggested that the light
variability that followed this outburst and continued into
the 1998 observing season was possibly the result of grazing
eclipses.
5.2. Orbital Elements
From 1995 March to 2000 October we obtained 21 radial
velocities of V343 Ser A (Table 9), which cover 4.5 orbital
cycles. A search of the velocities revealed a period of
450.3 ^ 2.5 days. With this period we computed preliminary orbital elements with BISP and then reÐned all the
elements with SB1. Since in the latter solution the eccentricity was 0.135 ^ 0.046, we next computed circular orbital
elements with SB1C and compared the two solutions. The
criteria of Lucy & Sweeney (1971) indicated that the
eccentric-orbit solution is to be preferred, but the results are
relatively close to the dividing lines of both tests. As a result,
we list the two sets of orbital elements in Table 10 but
compare the velocities with the eccentric orbit in Figure 4.
Zero phase is computed from a time of periastron passage.
The orbital phases of the observations and velocity
residuals to the eccentric-orbit solution are given in Table 9.
The standard error of an individual velocity is 0.3 km s~1.
Although we have adopted the eccentric orbit, we note that
the assumption of an eccentric or circular orbit is not critical since within the uncertainties the values of the periods,
semiamplitudes, center-of-mass velocities, and mass functions of the two solutions in Table 10 are the same.
5.3. Discussion
The cause of periodic light variations that have been
found in many symbiotic binaries, including BF Cyg and

V343 Ser\AS 289

5.1. History
Kazarovets, Samus, & Durlevich (2000) recently assigned
AS 289 the variable star name V343 Ser, which we use in
this paper. The previous best-known identiÐcation, AS 289,
is from the list of Merrill & Burwell (1950), who identiÐed
519 ““ additional stars ÏÏ with spectra having a bright Ha line.
While most of these objects were originally thought to be
stars of spectral class B or A, a number of symbiotic stars
have been culled from this list. From objective-prism
spectra Sanduleak & Stephenson (1973) noted that V343
Ser has an emission-line spectrum similar to the prototype
symbiotic star Z And, as well as TiO bands, leading to a
spectral class of M3. As a result, Allen (1984) listed V343 Ser
in his catalog of symbiotic stars. From an analysis of visual
and near-infrared absorption features, Kenyon &
Fernandez-Castro (1987) gave it a spectral type of M3.9 III.
More recent temperature classiÐcations place the spectral
class at about M3.5 (Medina Tanco & Steiner 1995 ;
Gutierrez-Moreno, Moreno, & Costa 1999 ; Murset &
Schmid 1999).
V343 Ser has been part of various survey programs of
symbiotic stars. However, there are almost no magnitude
determinations in the international database of the Amer-
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TABLE 9
RADIAL VELOCITIES OF V343 SER A
HJD
(2,400,000 ])

Phase

Velocity
(km s~1)

O[C
(km s~1)

Weight

49,802.984 . . . . . .
49,874.917 . . . . . .
49,923.736 . . . . . .
49,998.588 . . . . . .
50,161.950 . . . . . .
50,253.711 . . . . . .
50,254.793 . . . . . .
50,319.755 . . . . . .
50,386.578 . . . . . .
50,567.876 . . . . . .
50,628.809 . . . . . .
50,752.587 . . . . . .
50,934.820 . . . . . .
50,983.798 . . . . . .
51,052.645 . . . . . .
51,294.962 . . . . . .
51,363.703 . . . . . .
51,415.704 . . . . . .
51,480.590 . . . . . .
51,647.910 . . . . . .
51,831.609 . . . . . .

0.065
0.225
0.333
0.499
0.862
0.066
0.068
0.212
0.361
0.763
0.898
0.173
0.577
0.686
0.839
0.377
0.529
0.645
0.789
0.160
0.568

[6.6
[4.5
[3.3
[4.1
[8.2
[6.7
[7.0
[3.9
[3.0
[7.0
[8.8
[5.1
[4.3
[6.1
[8.6
[3.1
[4.1
[5.8
[7.0
[4.9
[4.7

0.3
[0.5
0.0
[0.3
0.2
0.2
[0.2
0.3
0.3
0.2
[0.2
[0.3
0.3
[0.1
[0.5
0.2
0.0
[0.3
0.5
0.1
[0.2

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
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TABLE 10
ORBITAL ELEMENTS OF V343 SER A

Parameter

Circular Orbit

Eccentric Orbit

P (days) . . . . . . . . .
T (HJD) . . . . . . . . .
T (HJD) . . . . . . . .
0
c (km s~1) . . . . . . .
K (km s~1) . . . . . .
e..................
u (deg) . . . . . . . . . .
a sin i (km) . . . . . .
f (m) (M ) . . . . . . .
_

451.3 ^ 2.4
...
2,450,397.8 ^ 3.7
[5.631 ^ 0.093
2.57 ^ 0.12
0.0
...
15.95 ^ 0.78 ] 106
0.00080 ^ 0.00012

450.5 ^ 2.2
2,450,674.7 ^ 19.6
...
[5.652 ^ 0.083
2.66 ^ 0.12
0.135 ^ 0.046
218.6 ^ 16.2
16.33 ^ 0.74 ] 106
0.00086 ^ 0.00012

V1329 Cyg, often has been attributed to eclipses. Spectropolarmetric observations, orbital elements, and spectroscopic ephemerides for conjunctions have conÐrmed this
conclusion for many systems, resulting in signiÐcant constraints on their orbital inclinations. Based on the shape of
its light curve, Takamizawa et al. (1998) proposed that V343
Ser is an eclipsing system and determined a light minimum
at JD 2,450,176. From the elements of our eccentric orbit,
our ephemeris for inferior conjunctions of the M giant is
T \ HJD (2,450,724.7 ^ 3.7) ] (450.5 ^ 2.2)E .
conj
The time of conjunction di†ers by nearly 100 days from the
proposed mideclipse date. A similar result occurs if the
ephemeris from the elements of our circular orbit is used.
Thus, this comparison does not support the eclipse interpretation. We also note that the mass function of V343 Ser A
(Table 10) is over 20 times smaller than those of BF Cyg A
and V1329 Cyg A, suggesting that V343 Ser does not
eclipse. Indeed, adopting typical mass estimates of 1.5 and
0.5 M for A and B, respectively, results in an inclination of
_ Increasing the mass of the primary to 2.5 M
only 18¡.
_
produces an inclination of 23¡. We conclude that the mass
function, combined with any reasonable symbiotic star
masses for A and B, is incompatible with eclipses and indicates that the orbit of V343 Ser is seen much closer to
face-on than to edge-on.
In a binary system tidal forces will tend to circularize the
orbit over the course of the evolution of the stars (Zahn

FIG. 4.ÈThe computed radial velocity curve of V343 Ser compared
with our infrared velocities. Zero phase is a time of periastron passage.
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1977). Since symbiotics are extensively evolved, typically
consisting of an M giant and a white dwarf, we might expect
most such systems to have circular orbits. In Papers I and II
we obtained well-determined orbital elements for 11 symbiotics. Of those 11, only BX Mon has a clearly eccentric
orbit, while for two others, CI Cyg and AG Peg, an eccentric orbit with e \ 0.1 was preferred. All three systems have
rather long orbital periods of over 800 days. Thus, with
e \ 0.14 and P \ 450 days, V343 Ser appears to be a somewhat atypical symbiotic binary.
It is possible, however, that the orbital eccentricity is spurious, perhaps resulting from tidal distortion or the reÑection e†ect. If the giant in a system Ðlls a substantial fraction
of its Roche lobe, it may be tidally distorted. Sterne (1941)
showed that the e†ects of tidal distortion can produce an
orbit with a spurious eccentricity and an expected longitude
of periastron, u, of 90¡ or 270¡. For our eccentric-orbit
solution u \ 219¡ ^ 16¡, indicating that the eccentricity
does not result from tidal distortion. The light curve of
Takamizawa et al. (1998) shows that V343 Ser has been in
outburst during most of the period covered by our spectroscopic observations. If the line proÐles were distorted
enough by an increased reÑection e†ect, the resulting velocities could produce a spurious eccentricity. We note that
V1329 Cyg is also in an outburst phase, but our orbit for it
is circular. However, the reÑection e†ect may be less important for V1329 Cyg in part because its orbital period is twice
as long as that of V343 Ser.
With the same procedure that we used for BF Cyg A, we
determined for the M giant of V343 Ser a v sin i value
of 5.7 ^ 1.0 km s~1. The orbit of V343 Ser has a modest
eccentricity. Thus, the rotational angular velocities of the
components will tend to synchronize with that of the
orbital motion at periastron, a condition called pseudosynchronous rotation (Hut 1981). With equation (42) of
Hut (1981) we calculated a pseudosynchronous period
of 406 days. Assuming that the rotational and orbital axes
are parallel and adopting our estimated inclination of 18¡,
the radius of the M giant is 144 R , if it is pseudo_
synchronously rotating.
The size of the e†ective Roche lobe radius depends on the
separation between the two stars, which varies in an eccentric orbit. The orbit of V343 Ser, however, has only a
modest eccentricity, and so if we adopt the value of the
semimajor axis and the results of our previous assumptions,
the e†ective Roche lobe radius of A is 145 R . Taken at face
value, this suggests that the M giant Ðlls _its Roche lobe.
This result, however, rests on a string of assumptions, some
of which, such as our chosen mass values, might be signiÐcantly in error. In addition, as we have shown above, the
longitude of periastron for the orbit of V343 Ser does not
provide evidence for tidal distortion. Murset & Schmid
(1999) analyzed a group of 30 symbiotics that have known
orbital or photometric periods and concluded that more
than 95% of the systems were well detached. Whether the
M giant of V343 Ser Ðlls or nearly Ðlls its Roche lobe
remains an open question. If it does, it would be an unusual
symbiotic. Additional photometric and spectroscopic
observations of this system are clearly warranted.
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very useful symbiotic star catalog. We thank the referee for
identifying an obscure but important reference and suggestions that led to improvements in the paper. We also thank
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